Background Although numerous authors have described surgical experiences following major disasters, little is known regarding the needs of and barriers to care faced by surgeons during such disasters. Questions/purposes We therefore (1) identified and compared recurrent interview themes essential to the disaster response following the 2010 Haiti earthquake;
Introduction
In the weeks and months after the Haiti earthquake of January 2010, hundreds of international organizations, nongovernmental organizations (NGOs), military agencies, and academic institutions responded with resources and services [8, 13, 42, 56] . With the help of the United Nations, the US government mobilized medical-surgical response teams within 24 hours of the earthquake [8] . The Department of Health and Human Services' (HHS) National Disaster Medical System (NDMS), in particular, deployed three international medical-surgical response teams and five US disaster medical assistance teams in addition to more than 30 US military ships, Air Force Special Operations Command assets, and US Army resources under the umbrella of the Department of Defense [8, 36, 45, 56] .
Before the earthquake, there was already a critical need for surgical and orthopaedic services in Haiti [20, 30] . Owing to this preexisting need and the magnitude of the natural disaster, a coordinated and effective surgical response was essential for this resource-poor country in the aftermath of the earthquake [42] . The initial volunteers who arrived reported the majority of injuries were orthopaedic: crush injuries, open and closed fractures, and compartment syndromes [22, 52, 56, 57] . Some of the deployed orthopaedic surgeons documented these experiences, recording injury patterns, caseload, procedures performed, and short-term outcomes data [3, 14, 16, 34, 37, 40, 56] . These accounts, however, do not measure the barriers to quality surgical care delivery faced by the orthopaedic community.
More than 2 years after the Haiti earthquake of January 2010, there remains the same dearth of literature assessing the care delivery challenges faced by volunteers [5] . Developing tools to assess these needs in times of humanitarian crises can be useful when it is necessary to allocate limited resources and optimize relief efforts [13, 46] . Response to future disasters could be improved by clarifying the barriers to care reported by volunteer orthopaedic surgeons arriving soon after Haiti's 2010 earthquake. Therefore, our purpose was to qualitatively assess the needs of and barriers to care faced by orthopaedic surgeons who volunteered in Haiti within 30 days of the earthquake. We (1) identified and compared recurrent interview themes essential to the disaster response; (2) determined the difference in reported disaster equipment management task difficulty between disaster-trained and untrained volunteers; and (3) approximated the quantity of various procedures performed.
Materials and Methods
Within 3 months of the earthquake, we conducted 14 qualitative interviews with selected volunteer orthopaedic surgeon key informants from Haiti, US private practices, and relief organizations affiliated with the US military/ government, fracture care NGOs, or academic/university centers. Based on author expert opinion (RG and RRC), these key informants were selected as representatives of the various responding organizations that had experience with orthopaedic care delivery in Haiti before the earthquake. One interviewer (AC) conducted interviews in person or by telephone within 3 months of the key informants' response to Haiti.
Interview questions were open-ended and reflected domains similar to those of the survey, including (1) expectations, (2) preparedness, (3) experience on the ground, (4) reflections, and (5) documentation and media (Appendix 1). A blinded research assistant initially recorded and transcribed the interviews. Interviews were conducted until saturation, whereby the interviewer determines that 'no new categories or relevant themes are emerging' [15] . Interview data analysis then was conducted according to the approach of thematic analysis, which is rooted in the constant comparative technique of grounded theory [12, 15, 23, 26, 29] . This method is used in interview-based qualitative medical, orthopaedic, and even disaster research to assess barriers and needs of a study group [6, 17, 24, 31, 32, 38, 54] . Fundamentally, this iterative process involves coding of transcribed interview data into thematic categories. As transcripts are reviewed the coded sections are constantly compared with other transcripts to ensure consistency of the coding system and to adapt it to newly emerging themes. Two research assistants with different backgrounds coded the transcripts to increase the depth and breadth of the analysis and findings [12] . To resolve discrepancies, the two reviewers met until consensus was achieved. Interviews were reviewed and analyzed twice by each reviewer.
In addition to the interviews, in March 2010, the American Academy of Orthopaedic Surgeons (AAOS), per our request, identified from their database all 504 orthopaedic surgeons who registered as volunteers after the Haiti earthquake. The AAOS invited these individuals to complete our anonymous online survey. The survey was designed to assess needs of orthopaedic surgeon volunteers and barriers to orthopaedic care by exploring five major domains, including (1) demographics, (2) predeployment information, (3) experiences on the ground, (4) personal health, and (5) documentation and overall reflections (Appendix 2, supplemental materials are available with the online version of CORR). As the disaster literature lacks any similar form of provider-based assessment, these domains were chosen with the expert opinion of two of the authors (RG and RRC) to reflect barriers to care at different times after the earthquake. The assessment is based on the authors' prior experiences with orthopaedic disaster relief in resource-poor settings. Between March and May 2010, 174 of the 504 AAOS members (35%), who registered as Haiti volunteers, consented to and completed the survey. It was available online for 60 days. We excluded from this study 43 orthopaedic surgeon respondents who were not present within the first 30 days after the earthquake, January 12 to February 11, 2010, yielding a study population of 131 (26%) orthopaedic surgeons who volunteered within the first 30 days of the earthquake. Of these 131 orthopaedic surgeon survey respondents, 112 (86%) respondents were male, eight (6%) respondents were female, and 11 (8%) respondents were unidentified ( Table 1 ). The mean age for this study population was 40 years for women and 46 years for men. Based on arrival and departure data, by the end of the first week, 19 (15%) surgeons reported they had arrived in Haiti ( Fig. 1) . A maximum of 56 (43%) surgeons were in Haiti by the end of the second week.
Respondents were grouped by data collected regarding the presence of prior disaster training. Prior disaster training was defined as any prior ''formal training in disaster management'' (Appendix 2, supplemental materials are available with the online version of CORR). We then compared the 96 untrained respondents with the 32 trained respondents with respect to their degree of difficulty performing seven disaster equipment management tasks including plane unloading, transporting to treatment site, security during transport, security during storage at the site, installing equipment, maintaining equipment, and managing distribution. The degree of difficulty performing these tasks was assessed on a three-point Likert scale (1 = not a challenge, 2 = moderately challenging, 3 = very challenging).
In addition, conservative estimates of various procedures performed were generated from data obtained in the survey. These estimates are based on the lower limit of respondent group estimates. For example, if a respondent selected ''1-5'' or ''6-10'' procedures performed, only one or six procedures were documented for the conservative estimate, respectively.
Because count data were obtained in the interview portion of the study, a Poisson regression analysis then was conducted to determine whether the most recurrent theme was discussed much more often than the other generated themes. This Poisson regression is a conservative analysis 
Results
Based on the interviews, we identified 10 recurrent themes essential for disaster response and quantified their occurrences: (1) media involvement did not directly impact patient care (''neutral impact of media on patient care'');
(2) short-term military involvement supported response teams/individuals (''short-term military involvement''); Fig. 2) . The most frequently occurring theme, group organization, was discussed more often than all other themes except local contacts before arrival and short-term military involvement (p = .170 and p = .169, respectively, Poisson regression analysis; Table 2 ). Group organization, local contacts before arrival, and short-term military involvement were the most often discussed of the themes, with a total of 31, 22, and 19 occurrences in the 14 interviews, respectively. Limiting nontraumatologists/noncredentialed personnel was discussed least often among the themes. In addition to the interview analysis, differences between mean and median disaster management difficulty scores for disaster-trained and disaster-untrained respondents indicate that respondents with prior disaster training reported lower mean difficulty scores for all disaster equipment management tasks compared with the untrained group, except for equipment installation and managing distribution (11.3% and 1.43% increases, respectively). The mean differences for two of the tasks, transport to the treatment site (19.5% decrease) and security during storage (16.5% decrease) were statistically significant (p = .0397 and p = .0473, respectively, Wilcoxon rank-sum test). Equipment installation, maintenance, and distribution management had the highest median scores of 2 for both groups (Table 3) . Median scores were the same between the groups for all tasks except for transport to treatment site, which was more difficult for untrained respondents compared with trained respondents (2 and 1, respectively).
Estimates of the quantity and proportion of procedures performed indicate that upper extremity (243; 3% of total) and lower extremity (1071; 14% of total) guillotine amputations, fasciotomies (219; 3% of total), and internal fixations (917; 12% of total) were frequently performed. A total of at least 7826 procedures were reportedly performed: 4810 primary (61%) and 3016 revision (39%) procedures ( Table 4 ). Fig. 1 A graph shows the number of volunteer orthopaedic surgeon respondents in Haiti in the days after the earthquake.
Discussion
Although surgical experiences have been described, little is known regarding the needs of and barriers to care faced by volunteer orthopaedic surgeons after major disasters. Therefore, our purpose was to qualitatively assess these needs of and barriers to care faced by orthopaedic surgeons who volunteered in Haiti within 30 days of the earthquake. We (1) identified and compared recurrent interview themes essential to the disaster response; (2) determined the difference in reported disaster equipment management task difficulty between disaster-trained and untrained volunteers; and (3) approximated the quantity of various procedures performed.
This study has several limitations. First, owing to a dearth of related research, the survey and interview tools lack validation and, in addition to the representative key informant selection, were based on the expert opinions of two coauthors (RG and RRC). Nevertheless, the qualitative data obtained will help define potential orthopaedic disaster response measures in the future. Second, the key informants and survey respondents represent only a minority of volunteers. Third, the survey is limited by inherent survey bias such as sampling and recall bias; all volunteers were not captured by the AAOS registry. Fourth, extending the Likert scale to improve interrater reliability [55] , and understanding the specific circumstances and indications around the various procedures performed and their outcomes represent potential survey design improvements in the future. Finally, although the number of procedures performed is a conservative approximation, it is likely an underestimate.
Our interview data highlight barriers and opportunities to improve postearthquake orthopaedic care. Group organization, the most recurrent theme (31 occurrences), likely represents the most major opportunity for improvement in future orthopaedic disaster relief. Deficient organization and coordination of efforts are recognized problems of disaster response [1, 35, 58] . From the initial response onward, injured Haitians and relief teams were challenged Fig. 2 A graph shows the interview-based thematic analysis, including the total number of thematic occurrences for all interviews where each theme represents an essential aspect of the disaster response; AAOS/OTA = American Academy of Orthopaedic Surgeons/ Orthopaedic Trauma Association. by lack of organized medical support and impaired supplies coordination [33, 45] . Spontaneous unaffiliated volunteers (SUVs) hampered the relief effort, for example, because they lacked disaster response organization of personal safety regulations, immunizations, health and liability insurance, cultural sensitivity and logistics training, and patient follow-up. A lack of organization among relief agencies, furthermore, contributes to these impairments in care provisioning and challenges related to disaster data collection for relief improvement [27, 44] . Using prior in-country contacts (21 occurrences), another recurrent theme, was important for other groups responding to the Haiti earthquake [41] . These contacts can facilitate relief coordination. Finally, despite communication challenges regarding patient transfer to and from military vessels, short-term military involvement (19 occurrences) facilitated equipment, security, and patient management, which was helpful for many volunteers [2, 8] . Therefore, civil-military collaboration, throughout disaster training, planning, and response phases, could augment resource distribution and care in future relief efforts. However, administrative and legal obstructions must be overcome for this collaboration to gain traction. A minority of respondents reported disaster training, experience, or credentialing, a phenomenon documented in prior disasters and noted soon after the Haiti earthquake [18, 60] . Conducive schedules among academic volunteers and an interest in disaster preparedness research might account for the substantial number of university faculty respondents. Interview themes and the observed disaster management scores support the importance of prior training and experience for volunteer surgeons who face mass casualties and injuries in a disaster [25, 50] . Training might have directly contributed to differences observed in storage security and equipment distribution, or indirectly led to logistical assistance if trained volunteers could more easily collaborate with the military [2, 8] . Collaborating with the military for equipment requiring immediate setup could have contributed to the greater difficulty observed with equipment installation for the trained respondents. Additionally, since airport-related delays impeded resource distribution and likely contributed to the observed difficulty with these equipment management tasks [18, 45] , some have suggested ''pre-positioning'' medical and surgical supplies at strategic airfields with ''pre-clearance'' through international customs [13] . Concerns regarding the intentions, experience, and credentialing of responders to the Haiti earthquake led to labels such as SUVs or ''disaster tourists'' [58] , as in prior disasters [25, 51] . Inexperienced and untrained volunteers were urged to stay home because they lacked security, equipment, patient followup systems, and cultural sensitivity preparedness [9, 18] . Owing to the perceived importance of disaster training by AAOS and OTA members after the Haiti earthquake, the AAOS developed a disaster preparedness/response platform for their members to prepare for future catastrophic events ( Fig. 3) [10]. The AAOS website will have a section dedicated entirely to disaster preparedness training and credentialing that, in collaboration with the HHS/NDMS and US military, might also function as a database of civilian medical personnel qualified and credentialed as a disaster responder by the federal government. This database could collect surgical data during the disaster as a means of program monitoring and evaluation [13, 43] , and facilitate individual civilian responders, supply distribution, and organizational communication. Guillotine amputations, internal fixations, fasciotomies, and revision procedures, suggestive of inappropriate disaster care, were frequently reported. Although the indications and specific circumstances around these procedures are unknown, some experts and organizations advise against guillotine amputations [19, 25, 47] , fasciotomies for acute closed muscle-crush injury [39, 48, 49, 53] , and internal fixation [21, 25] in disaster and war settings. In addition, the observed ratio of greater than one revision for every primary amputation suggests higher revision rates than those documented in the developed world (25%-30%) [11, 28, 59] . Limited resource distribution and space, security concerns, myriad complex polytrauma cases, and inadequate disaster training represent a few of the many potential environmental explanations for the observed cases. These circumstances and outcomes require further study to understand the effect of these procedures in resource-poor disaster settings.
Using qualitative interview-and survey-based methods we confirmed that organizational and training barriers to quality surgical care existed in the aftermath of the Haiti earthquake [4, 5, 9, 13, 18, 27, 45] . Although disaster training could augment future relief efforts [7, 50] , this type of training and disaster procedure outcomes require further study to improve orthopaedic care in future catastrophes.
Appendix 1. Interview questions for orthopaedic surgeon volunteers (Expectations)
What were your predeployment expectations about your trip to Haiti?
What did you base your expectations on? (Previous experience? Peers' experiences? What you read or heard about?) (Preparedness)
How did you prepare yourself for departure? What criteria did you use to identify what supplies or resources to bring?
If you brought a team, what criteria did you use to identify who to bring? (On the Ground)
Describe the notable events, positive or negative, that occurred between your arrival and your first operation?
Who or what was serving as the ''charge nurse'' (ie, managing supplies, personnel, and patient flow) at the facility where you operated?
Who or what was serving as the overall command for how resources and personnel were distributed to various facilities? (Reflections)
What would you change about your on-the-ground experience?
If not, why, or what would need to be different for you to volunteer? 
